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DYNAMICS OF THE PLAGUE TRANSMISSION 
CYCLE IN CENTRAL JAVA 
(ECOLOGY OF POTENTIAL FLEA VECTORS) 
Ronald W. Turner' , SupaIin Martoprawiro2, and 
Soeharto A r h b i  Padmowiryono3. 
Setelah begitu lama tidak ada laporan mengenai peristiwa penyakit pes di Indonesia, maka ti, 
tiba pada tahun 1968 - 1969 dilaporkan adanya 102 penderita, 42 meninggal dan tahun 1969 - 19 
10 penderita, 2 metlinggal. Oleh karena itu diadakan suatu penelitian untuk mendapatkan data-dr 
ecology penyakit pes di Boyolali, Jawa Tengah. Walaupun tidak ada peningkatan jumlah penderita, pr; 
waktu itu telah dapat diisolasi adanya bakteri pes dari binatang mengerat dan pinjal. Ini berarti transmi 
masih berlangsun; terus dan selalu mengancam kesehatan penduduk. Daerah infeksi Boyolali terdal 
dilereng gunung Merapi dan Merbabu diatas ketinggian 1.000 m. 
Tiga jenis pinjal Xenopsylla cheopis, Stivalius cognatus dan Neopsylla sondaica ada hubunganr; 
dengan binatang menyusui didaerah tersebut. Diatas ketinggi;?n 1.000 m S. cognatus dan N sonda 
merupakan pinjal yang paling banyak ditemukan didaerah ladang, dan X cheopis diperumahan de 
Pada ketinggian kurang dari 1.000 m tidak ditemukan S. cognatus dan N. sondaica sedangkan X cheo 
ditemukan didaerah ladang dan perumahan desa. Walaupun X. cheopis merupakan vector yang effisi 
dan jarang ditemukan didaerah ladang maka diduga bahwa pinjal tersebut tidak utama memegang perar; 
dalam penularan ini. Namun demikian pada masa epizootik X. cheopis mempunyai peranan pada sik 
penularan antara binatang menyusui, binatang mengerat dan manusia. Sedangkan S. cognatus didt 
menlpakan vector utama, dan N. sondaica vector kedua, pada penularan pes. Jarangnya vector pa 
daerah ketinggian kurang 1.000 m, memperlihatkan bahwa pes di Jawa bersifat pegunungan. Kepadar 
binatang menyusui yang merupakan reservoir utama dari penyakit pes yait& Rattus exulans dan 
tiomanicus lebih banyak pada daerah ketinggian diatas 1.000 m. 
Binatang mengerat dan pinjal jarang ditemukan didaerah ladang, sedangkan jenis hutan a 
pinggiran sering ditemukan didaerah tempat tinggal, sehingga mengakibatkan kemungkinat tejadifi 
penulamn penyakit pes pada manusia. Pengamatan pendahuluan menunjukkan bahwa berbagai jenis pin 
hidup pada binatang menyusui yang paling sering ditemukan saja baik diladang maupun di perumahr 
In spite of many decades of effort by a large Due to the density of human populations id 
number of dedicated workers, plague remains Southeast Asia, the spectre of plague epidemic! 
a crucial uroblem in manv Darts of the world. remains a constant threat to human welfare, 
. 
especially in Indonesia, Vietnam and Burm 
which have well-established endemic plague foci 
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and to identify important environmental para- 
meters that may affect these interrelationships. 
Intensive field work began in April 1972, and 
will continue into December 1974. Preliminary 
results from the first year of research are 
presented herein. 
The project is co-sponsored by the Direc- 
torate General of Communicable Disease Con- 
trol (Zoonoses Section) and the National Ins- 
titute of Medical Research, both of the Ministry 
of Health, Republic of Indonesia, and the 
Southeast Asia Regional Office (New Delhi) 
of the World Health Organization. 
where: human populations are of relatively low 
densities; climatic seasonality is marked; most 
plague involves wild rodents and fleas inha- 
biting areas that are fairly remote from intensive 
human activities; and the ecology of potential 
rodent reservoirs and flea vectors is rather 
well known. 
In the humid tropical zone (Southeast Asia 
and several parts of South America), where 
all phases of ecological research lag far behind 
similar work at the higher latitudes: human 
populations are at high densities and increasing; 
climatic seasonality is less marked; q o s t  plague 
involves .domestic and peridomestic rodents 
and fleas living with or near man; and the 
ecology of the plague infectious cycle is poorly 
I '  known, with some components remaining 
unknown. 
a The purpose of the present ecological study 
1 of plague in the western Boyolali Regency of 
I Central Java is to investigate the temporal and 
I 
'spatial relationships that may exist between the 
"various components of the infectious cycle, 
I 
History of Plague In Java. 
Plague evidently was brought into Java by 
infective rats, and/or fleas imported in cargos 
of rice through the eastern seaport of Surabaya 
in November, 19 10. Additional importations 
are suspected in the seaports of 3emarang in 
1916, Cirebon in 1923, and Tegal in 1927 
(Fig. I). 
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Fig.1. Map of Human plague distribution in Java. 
ECOLOGY O F  THE PLAGUE 1 
Epidemics first were confined to East Java, 
but as the infection progressed, it entered 
southern Central Java within a few years 
(Surakarta, 1915 and Yogyakarta, 1916). Either 
by multiple invasion, westward progressionof 
the original infection, or both, plague reached 
western Central Java and east central West Java 
in the 1920's. From 1910 to 1960, 245,375 
plague deaths were reported in Java, the 
maximum deaths for one year being 23,275 
in 1934 (Fig. 11). Incidence of the disease 
1910 1920 . 1930 1940 1950 1960 1970 1 
YEAR 
Fig. I I .  History of human plague in Java. 
decreased steadily after the 1930's, except for 
some violent revivals of the infection in Central 
Java in late 1940's and early 1950's. Further 
reduction in infected territory and decline in 
the number of cases continued until, by the 
late 1950's, plague was restricted to two 
mountainous zones (the Wonogiri and Boyolali 
foci) in the Surakarta Residency. Although 
these latter two foci comprise less than one- 
fifth of the mountainous terrain .in Java, they 
have accounted for more than two-thirds of all 
recorded human cases of plague on the island 
(Baltazard and Bahmanyar, 1960). From 1960 
to 1968, no cases of plague were recorded 
from Java. However plague flared up once more 
e 
in the Boyolali focus in 1968 (102 cases, 43 
deaths) and again in 1970 (10 cises, twc 
deaths). 
In mid-May 1972, plague was isolated from 
eleven field fleas (Stivalius cognatus) removec 
from five Polynesian Rats (Rattus exulans, 
captured in open acacia woodlands on thc 
upper flanks of Mount Merapi (at approximatel) 
1800 meters), about two kilometers from thc 
nearest village. Upon bacteriological confirmati 
on of these suspect materials in early June, a1 
villages in the area were sampled and fiv 
additional positive isolations. were achievec 
from S. cognatus and domestic fleas (Xenopsyll, 
cheopis) infesting R. exulans and the comnio 
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House Rat (Rattus raftus diardii), ana rrom year of the project, all recovered from clinical 
' the organs of R .  exulans, in houses of the symptoms after three-day treatment with anti- 
subvillages of Bulurejo and Kenteng (1 500 and biotics and no human plague cases actually 
1250 meters, respectively). were confirmed. The last reported instances of 
human plague in the Boyolali Regency were in 
87 persons with fevers and pain- April 1970, from the subvillage of Jeruk, five 
lymph glands (Fig. were kilometers to the north on the slapcs of Mount 
encountereu 111 the plague zone during the first Merbabu, at 1300 meters. 
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' The areas from which the 1972 plague- ! 
,I ositive isolates originated were sampled an 
,dditional six times, at bimonthly intervals, but 
o further infection was ,found there. However, 
f 2500 pooling-tests performed in the first 
ear of investigation, an additional 36 plague- 
lspect pools (causing death of inoculated 
vperirnental animals through three or more 
ibpasses, and bipolar-staining coccobacillary 
I ~ r m s  often discernible in tissues of symptoma- 
c experimental animals) were encountered 
elsewhere in the plague zone (Fig. 111). Un- 
fortunately, heavy contamination prevented 
definitive bacteriological demonstration of the 
presence or absence of .Yersinia pestis (Pas- 
teurella pestis) in these suspect materials. 
Nonetheless, it is evident that the plague 
bacillus is still circulating among rodents and 
their fleas in the Boyolali focus and continues 
to pose a threat t o  human welfare in the area. 
Presumably, the infection is maintained in 
sylvatic mountainous areas of the Boyolali 
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Regency where optimal combinations of field 
vectors and reservoirs favor persistance of ever- 
shifting enzootic-epizootic infections. During 
intensive epizootics, the disease may progress 
downslope through peridomestic cropland, 
eventually reaching villages in the area. 
General characteristics of past epidemics in 
Central Java are: 92 to 94 percent of reported 
cases were bubonic (flea-transmitted), with 60 
to 80 percent mortality prior to the widespread 
use of the newer antibiotics; six to eight percent 
of the rep&ted cases were pneumonic (aerosol- 
transmitted), with 100 percent mortality prior 
to the widespread use of the newer antibiotics; 
plague has made only brief incursions onto the 
lowland plains (mainly during widespread epi- 
zootics), but more generally persists in moun- 
tainous zones and adjacent foothills; plague 
morbidity and mortality in the human populati- 
on has tended to increase in the third quarter of 
the' year (Fig. III), reaching a maximum in 
December through February of the following 
year (occasionally with minor resurgence from 
March through May) and a minimum in June 
and July. 
Potential Flea Vectors of Plague in the 13oyolali 
Regency. 
Three species of fleas (Xenopsylla cheopis, 
Stivalius cognatus and Neopsylla sondaica) are 
associated with the native terrestrial mammalian 
fauna in the Boyolali Regency. Below 1000 
meters in elevation, X. cheopis is the most 
common and widespread flea, occurring both 
in houses and fields. Above 1000 meters, 
X cheopis is confined mainly to houses, 
whereas S. cognatus and N. sondaica are the 
common fleas in the field environs. In the 
absence of adequate reference collections, past 
workers in the Boyolali plague focus have 
confused N. sondaica with S. cognatus. In 
recent properly identified samples, N. sondaica 
has comparised about 14 per cent of flea fau- 
na obtained from field environs. 
IF THE PLAGUE 
An additional flea species (Ctenocephalides 
felis) has been captured in flea-traps placed in 
houses. Due to its'sporadic distribution in the 
plague zone and its apparent failure to infest 
play an important role in the maintenance of 
rodents in the area, C. felis probably does not , 
infection in Central Java, at least during inter- 
epidemic periods. The human flea (Pulex 
irritans) has yet to be encountered in the 
present study and therefore does not seem to 
play a role in plague transmission in the 
Boyolali focus. However, fur'ther research is 
needed concerning the distribution of both 
C. felis and P. irritans in Central Java before 
a c i h ~ i t i v e  statement can be made concerning 
any possible roles that they may have in the 
plague infectious cycle. 
Both X. cheopis and S. cognatus are known 
to transmit plague among rodents in the Boyo- 
lali focus (Table I), and are assumed to be 
capable of infecting man. Due to past confusion 
in identifications, the actual vectorial status 
of N. sondaica in Central Java remains 
unknown. 
The Kesearch Area. 
The ~ o ~ o l k i  Regency lies about 7.5" South 
of the equator and is bounded on the west 
by two volcanoes, the still active Momt Merapi 
(291 1 meters) and the dormant Mount Merbabu 
(3142 meters). The research area is comprised 
of the two westernmost subdistrists (Cepogo 
and Selo), which have a recent history of 
plague epidemics (in 1957, 1959, 1968 and 
1970). Twenty-five villages, with approximately 
65,500 inhabitants, occur in an area of 85 
square kilometers. Villages extend upslope to 
about 1600 meters, but mainly are concen-I 
trated on the intermediate slopes and in the 
high valley ("saddle") that intervenes between 
the summits of the two volcanoes. As seen in 
Fig. IV, the "plague zone," based on case 
distribution in 1968 and 1970, occurs above 
1000 meters. 
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Fig. IV .  Map o f  Boyolal i  plague focus Central Java. 
dETHODS AND MATERIALS 
SAMPLING OF MAMMALIAN HOSTS 
Populations of terrestrial small mammals 
were sampled throughout the year by live- 
:rapping: at monthly intervals on a one-kilo- 
neter mark-and-release grid in the Samiran- 
larakan area; at monthly intervals at 20 
lermanent research sites; and at semiannual 
ntervals in the houses of 60 subvillages in and 
)ear the Boyolali plague zone. 
iAMPLING OF FLEAS 
{emoval From Hosts. 
Each morning of sampling, traps containing 
aptured animals are properly labeled, placed 
~parately in tightly secured cloth bags to 
revent loss of ectoparasites, and transported 
either to a field station at Gebyok (mark-and 
release studies) or to the Boyolali Plague 
Laboratory (removal studies) for processing. 
In sequence, each cloth bag containing the 
trap and captured mammal is placed in a deep 
enamel bucket containing a large piece of 
ether-soaked cotton. After sufficient time has 
elapsed to allow the host (and most of the fleas) 
to become anesthetized, the mammal is placed 
in a deep enamel pan and thoroughly examined. 
for ectoparasites. Each individual is brushed 
along the grain of the fur, then against the 
grain, then once more along the grain in effort 
to dislodge ectoparasites from beneath the 
dense pelage. The anesthetizing bucket, trap 
and cloth bag (especially all seams) also are 
examined closely for ectoparasites. All fleas 
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thus collected are placed in properly labeled 
vials of two per cent saline solution. 
Kemoval From Host Burrow Systems. 
Although a time-consuming and tedious 
method of obtaining fleas, a program of sys- 
tematic examination of host burrow systems 
now is underway. Prior to opening the burrow, 
and throughout the ensuing excavation, a large 
piece of ,.terry-cloth "flagging" is attached to 
a stout wire and inserted as far as possible 
into the passageway. Any fleas entangled in the 
rough napping of the terry-cloth flag are 
collected in properly labeled vials of two per 
cent saline solution. All organic and nesting 
materials encountered in the passageways during 
excavation are enclosed in properly labeled 
plastic bags for placement in a Berlese funnel 
upon return to the laboratory. Each tunnel 
system is measured and diagramed during ex- 
cavation. 
Trapping Fleas in Houses. 
. Shallow nietal trays (30 x 22 x 3 centi- 
meters) containing about two centimeters of 
water, and a small kerosene lamp placed in the 
center, were utilized as flea-traps in human 
domiciles. One tray was placed in the dark 
corners of each of three rooms (living room, 
bedroom and kitchen) in each house sampled. 
The traps were left overnight and examined 
each morning for five consecutive days. All 
fleas thus captured were placed in properly 
labeled vials of two per cent saline solution. 
Reference Collection. 
Fleas captured by one of the above methods 
of sampling are identified in the laboratory 
with aid of a dissecting microscope. Fleas of 
the same species, removed from ten to twelve 
hosts of the same species, captured at one 
locality on the same date, are pooled together 
in vials of sterile saline solution for inoculation 
into experimental animals. Prior to the pooling- 
tests, a representative sample of each flea 
species from different host species collected 
in different habitats is preserved in 70 perscent 
alcohol. This reference collection is forwarded 
to the .U.S. Naval Medical Research Unit No. 2 
(Jakarta) for preliminary screening, and then 
sent to Dr. Robert Traub (University of Mary- 
land) for confirination of the identification. 
Properly identified specimens of each species 
are deposited with the Museum Zoologicum 
Bogoriense, Lembaga Biologi Nasional, in Bogor. 
Pooling Tests. ' 
In the laboratory, captured mammals are 
segregated by date and site of capture. The 
spleens of ten to twelve individuals of the same 
species are pooled together, macerated in 
sterile saline, and inoculated into two white 
laboratory mice. Fleas removed from those 
mammals included together in the same spleen- 
pool are separated by species, macerated in 
sterile saline, and inoculated into two more 
white laboratory mice. 
Inoculated experimental animals are observed 
for morbidity or mortality twice daily for a 
two-week period. Symptomatic experimental 
animals are sacrificed and their spleens are 
subpassed into two more white mice. Sub- 
passed experimental animals are observed 
twice daily for three weeks. If symptoms 
continue, the spleens of these animals are 
subpassed into two more white mice and a 
guinea pig. The organs (lungs, liver, spleen and 
any buboes present) of these latter experimental 
animals are macerated in sterile saline and 
forwarded to  the Yogyakarta Public Health 
Laboratory (in Cary-Blair transport media) for 
bacteriological examination. Approximately 
2500 pools and subpasses, of which 1.5 per 
cent were plague-suspect, were completed du- 
ring the first year. 
ECOLOGY OF FLEAS IN THE BOYOLALI 
FOCUS 
In a general ecological study of the plague 
transmission cycle, all phases of rodent and 
human involvement must be linked through the 
flea vectors that feed upon these potential 
hosts. The present study emphasizes the ecology 
of fleas; for information concerning the ecology, 
reproduction and population dynamics of 
terrestrial small mammals in the plague zone, 
and their potential roles in the transmission 
cycle. 
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In the Boyolali focus, isolations of the possibly the Malayan Wood Rat (Rattus tio- 
plague bacillus have been confirmed from : manicus) and the White-bellied Mountain Rat 
' X. cheopis infesting R. r. diardii, R. exulam, (Rattus niviventer) in fields (see Table 1); 
and the common House Shrew (Surzcus murinus) S. cognatus infesting R. exulans in fields and 
I in houses; X. cheopis infesting R. exulans, and 
I 
in houses. 
Table 1. Components of the plague transmissions cycle in Central Java, as revealed by plague-positive 
isolations from pools of fleas and organs of mammalian hosts. Data are from the present study (itali- 
cized) and from Baltazard and Bahmanyar (1960), U.S. Public Health Service (1968) and Chamsa 
( 19701. 
Mammalian General Xenopsylla Stivalius Neopsylla Host 
Host Habitat cheopis cognatus sondaica Organs 
Suncus House Positive Negative Negative Negative 
murinus 
I Rattus rattus House Positive Negative Negative Positive 
diardii Field Negative Negative Negative Negative 
House Positive Positive *" Questionable Positive 
exulans Field Positive Positive * *  Questionable Negative 
I Rattus I I House Negative N'egative Negative Negative tiomanicus Field Questionable Negative Negative Negative 
Hpuse Negative Negative Negative Negative 
niviventer Field * Questionable Negative Negative Negative 
t * Fleas from R. exulans, R. tiomanicus and R. niviventer were included In the same pool (Chamsa 19701, so that 
the actual source of lnfectlon remains unknown. 
" *  N. sondaica previously has been confused with S. cognatus, and both flea specles may have been included in the 
same pool Inadvertently. 
In the present study, additional plague- 
suspect pools also have been obtained from : 
S. cognatus infesting R. r. diardii in houses; 
I 
f/l S. cognatus infesting R. tiomanicus in fields, II and N. sondaica infesting R. exulans in fields. 
i In the data presented in this report, X. cheo- 
I pis is classified as a "Domestic Flea" because : 
I it is by far the most predominant flea species 
I captured in houses, a much greater proportion 
I of mammalian hosts captured in houses are 
I infested with X. cheopis than are hosts captured 
1 in field environs, and of hosts infested with 
X. cheopis, flea indices average much higher 
in houses than in field environs. On the other 
I hand, although S. cognatus also is fairly abun- 
dant in houses, it is classified as a "Field Flea" 
' because: it is by far the most predominant flea 
captured in field environs, a greater proportion 
I of mammalian hosts captured in field environs 
I are infested with S. cognetus than are hosts 
captured in houses, and of hosts infested with 
S. cognatus, flea indices average higher in 
field environs than in houses. Because N. 
sondaica only recently has been regognized in 
Central Java and may have been included in the 
sama inoculum with S. cognatus in previous 
pooling-tests, and although it still is relatively 
uncommon in collections it is much more 
frequently encountered in field environs than 
in domestic habitats, and is classified alone; 
with S. cognatus as a "Field Flea". 
Habitat Distribution Per Host Species . 
Considering host distribution (Fig. V through 
VII), 99.2 per cent of 2614 R. r. diardii 
captured in the, first year were from houses, 
and this rodent accounted for 89.4 per cent of 
all mammals captured in human domiciles, 
and 2.0 per cent of those from field environs. 
All 23 specimens of S. murinus also were from 
domestic habitats but this insectivore accounted 
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HOST DISTRIBUTION 
S-murinus ( 
DOMESTIC HABITAT 
R. 
FIELD 
2901 HOSTS 
M.cervicolor (1.2%)\. 
rattus ( 2  
HABITAT 
xulans (8.4'/.) 
(9.4% 
anicus 
1045 HOSTS 
Fig. V. Habitat distribution of mammalian hosts. 
for on14 0.8 I ICI  cult of all mammals captured 
in houses. 
About 22.0 per cent of 11 13 R. exulans 
captured were from houses, and this species 
accounted for 8.4 per cent of all mammals 
captured in human domiciles and 83.1 per cent 
of those from field habitats. Approximately 
43.8 per cent of 80 R. tiomanicus captured 
were from houses, and this rodent accounted 
for 1.2 per cent of all mammals captured in 
human domiciles and 4.3 per cent of those 
frbm field environs. Only 4.9 per cent of 103 
R. niviventer captured were from houses, and 
this rat accounted for 0.2 per cent of all 
mammals captured in domestic habitats m d  
9.4 per cent of those from fields. All 13  
specimens of the Fawn-colored Mouse (Mus 
cervicolor) were captured in field environs but 
this rodent accounted for only 1.2 per cent of 
all mammals captured in field habitats. 
Thus, both R. r. diardii and S. murinus are 
classified as "Domestic Mammals" whereas 
R. exulans, R. tiomanicus, R. niviventer and 
M. cervicolor are classified as "Field Mammals" 
in the present study. Both S. murinus and 
M. cervicolor are uncommon in the plague zone 
(above 1000 meters), explaining their rarity in 
our collections. 
Sampling effort during the first year of 
study consisted of 87,350 trapnights (4 1,350 
in houses and 46,000 in field environs) that 
resulted in 4029 captures of mammalian host! 
(2607 in houses and 1422 in field habitats) 
These figures include mammals recaptured ir 
mark-and-release studies because each individua 
was examined for ectdparasites each time it wa 
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I 1 ,  ,captured, and average flea-loads did not differ (1887 fleas) of the total fleas captured during 
I significantly betweenrecaptured hosts and hosts this period were from fields, with only 8.3 per 1 .captured but one time. cent (156 fleas) of these being X. clzeopis and 
Flea Species Composition Per Habitat. 
Of 10,490 fleas captured in the first year 
of the study, 82 per cent (8603 fleas) were 
from houses, with 86.1 per cent (7407 fleas) 
of these being domestic species (Xenopsylla 
cheopis) and the remaining 13.9 per cent 
(1 196 fleas) being field species (Stivalius cogna- 
tus and Ncopsylla sondaica). About 18 pcr cent  
Acacia Dry land 
the remaining 91.7 per cent (1731 fleas) being 
field species. Thus, it is apparent that the 
general habitat distribution of domestic flea 
species and field flea species is not mutually 
exclusive, and that each flea species may infest 
each host species from time to time, either in 
houses or in fields (Fig. VI through IX, and 
Table 2). 
Fruit Bamboo or 1 woodland Crops Village Trees ' Glonggong 
I 
1; 
1 
i 
I Flea Species Composition I 
Domestic Domestic 
Field Species Field Species 
92% 8 7 %  
Rodent Species Composition 
- 
1 per Habitat per Habitat 
I 1; F i g  VI. Flea and rodent species composit ion per habitat 
' -able 2. Flea Species Composition Per Habitat 
, 'ype o f  Flea 1 Houses Fields Tota l  
1 Number Percent Number Percent Number Percent 
otal o r  Average. 8603 82.0 1887 18.0 10490 100.0 
~ 
I )ornestic 
I ield 
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Approximately 62 per cent of all mammalian 
hosts captured in the first year of study were 
from houses, but these hosts accounted for 82 
per cent of all fleas captured. Thus, the domes- 
tic habitat evidently provides a more flea-rich 
environment than do field habitats in Central 
Java. 
Habitat Distribution Per Flea Species. 
Of 7563 X. cheopis captured in the plague 
THE PLAGUE 
Lone, 97.9 per cent '(7407 fleas) were from 
hosts trapped in human domiciles and 2.1 per 
cent (156 fleas) were from mammals captured 
in fields. On the other hand, of 2927 field 
fleas thus obtained, 40.9 per cent (1 196 fleas) 
were from hosts in human domiciles and 59.1 
per cent (1 73 1 fleas) were from mammals from 
fields (Fig. VI through IX, and Table 3). 
Bambooor Fruit Dryland 
Glonggong Trees Village Crops 
Acacia 
Woodland 
Domestic Fleas Domestic Rodents 
2% i 18/o 
t t 
Habitat Distribution Habitat Distribution 
I 
per Flea Species per Host Species 
13% -4 87 % e Domestic Observed and Co-mingling Fi.e d Fleas of 
4 
Fly. VI I .  Habitat d ~ s t r ~ b u t ~ o n  per flea and rodent specles, and o f  observed corn~ng l~ng  between 
dornest~c and f ~ e l d  fleas. 
Mammalogical data indicate that the frequency release data indicate that such invasions of 
of field rodents in houses increases in response domestic households often are of short dura- 
to high population levels with resultant spill- tion. On the other hand, R. r. diardii appears to 
over into houses, and movement from barren be quite sedentary, although-a few movements 
croplands to domestic refugia during prolonged between houses and the surrounding peridomes- 
adverse environmental conditions. Mark-and- tic cropland have been recorded. 
59 % Field Fleas 41% 23% Field Rodents 77% 
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Table 3. Habitat Distribution Per Flea Species. 
General Habitat Domestic Fleas Fields Fleas Total Fleas 
Number Percent Number Percent Number Percent 
House 
Fields 
Tota l  or Average 7563  72.1 2927 27.9 10490 100.0 
DOMESTIC 
DOMESTIC FLEAS 
'inus (1.1 %)\ /R.t iomanicus (0.3%) 
HABITAT 
. exulans 
7407 FLEAS 
R.rattus (25.0%) 
FIELD HABITAT 
156 FLEAS 
Fig. VI I I .  Habitat lhust distr ibution of domestic fleas 
Evidently, the large proportion of field fleas 
abiding in houses result from transport by field 
rodents visiting human domiciles (Fig. X), or 
perhaps to a lesser degree, by R. r. diardii 
returning to houses after excursions intoperido- 
mestic habitats. Apparently, only a few domes- 
tic fleas are transferred from houses to fields 
by movement of either domestic or field ro- 
(Xenopsylla cheopis). 
dents between these environs in the Boyolali 
focus. This may be due to reduced rates of 
drop-off of X. cheopis in field environs; appro- 
ximately 25 per cent of the X. cheopis collected 
in field habitats were removed from R. r. diardii, 
which comprised only two per cent of the 
mammalian hosts captured in field environs. 
The rarity of domestic fleas in the fields also 
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FIELD FLEAS 
DOMESTIC HABITAT 
1196 FLEAS 
(9.3%) 
ans (14 
1731 FLEAS 
Fig. IX.  Habitatlhost distribution of field fleas fStivalius cognatus and Neopsylla sondaica). 
might be due to reduced survival or reproduc- 
tivity in such habitats. 
Flea Species Composition Per Host Species. 
In houses, 96,2 per cent (7129 fleas) of 
7407 X. cheopis were removed from R. r. 
diardii, 2.4 per cent (1 76 fleas) from R. exulans, 
1.1 per cent (77 fleas) from S. murinus, and 
0.3 per cent (25 fleas) from R. tiomanicus. 
Conversely, 54.5 per cent (85 fleas) of 156 
X. cheopis captured in fields were removed 
from R. exulans, 25.0 per cent (39 fleas) from 
R. r. diardii, 13.5 per cent (21 fleas) from 
R. tiomanicus, 5.8 per cent (nine fleas) from 
R. niviventer, and 1.3 per cent (two fleas) from 
M. cewicolor. 
In houses, 75.2 per cent (900 fleas] of 1196 
field fleas occured on R. r. diardii, 14.9 per 
cent (178 fleas) on R. exulans, 9.3 per cent 
(1 11 fleas) on R. tiomanicus, and 0.6 per cent 
(seven fleas) on R. niviventer. conversely; 86.3 
per cent (1493 fleas) of 1731 field fleas 
captured in peridomestic and sylvatic (wild) 
environs occured on R. exulans, 7.3 per cent 
(127 fleas), on R, tiomanicus, 6.1 per cent 
(106 fleas) on R. niviventer, and only 0.3 per 
cent (five fleas) on R. r. diardii. 
Thus, in considering vector specificity, the 
general habitat in which the fleas occur, and in 
which the potential hosts are encountered, 
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~ d s  to supercede host specificity in relative available (Fig. V) either in houses or in fields 
portance, with the different flea species in- (Table 4). 
;ting whichever host species is most readily 
able 4. Flea Species Composition Per Host. 
-- 
Domestic Fleas Field Fleas Total Fleas 
Houses Fields Houses Fields Houses Fields 
-- -- 
No. % No. % No. % No. % No. % No. % 
murinus 77 01.1 0 00.0 0 00.0 0 00.0 77 00.9 0 00.0 
r. diardii 7129 96.2 39 25.0 900 75.2, 5 00.3 8029 93.3 44' 02.3 
exulans 176 02.4 85 54.5 178 14.9 1493 86.3 354 04.1 1578 83.6 
tiomanicus 25 00.3 21 13.4 1 1  1 09.3 127 07.3 136 01.6 148 07.9 
niviventer' 0 00.0 9 05.8 7 00.6 106 06.1 7 00.1 115 06.1 
IS cervicolor 0 00.0 2 01.3 0 00.0 0 00.0 0 00.0 2 00.1 
- 
tals or Average. 7407 97.9 156 02.1 1196 40.9 1731 59.1 8603 82.0 1887 18.0 
[3 .40 
f 
- Mammalian Hosts 
-30 ------- 
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Fig. X. Prevalence of field rodents IR. exulans, R. tiomanicus and R. niviventerl ank field fleas 
IS. cognatus and N. sondaical in houses in the Boyolali plague focus (1972 - 1973). 
Note that the dry season of  1973 remained moist. 
centage of Hosts Infested. harbored field fleas, and 7.1 per cent (175 rats) 
Df 2468 R. r. diardii captdred in human evidencedmultiple infestations, with both kinds 
niciles, 63.3 per cent (1 571 rats) were in- of fleas being present. On the other hand, 
.ed with X. cl~eopis, 10.1 per cent (250 rats) 50.0 per cent (13 rats) of 26 R. r. diardii 
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captured in peridomestic and sylvatic environs 
were infested with ,X. cheopis, 11.5 per cent 
(three rats) harbored field fleas, and 3.8 per 
cent, (one rat) evidenced multiple infestations 
(Table 5). 
Of 299 field rodents (R. exulans, R. tiomani- 
cus and R. niviventer) captured in  human 
domiciles, 28.1 per cent (84 rats) were infested 
with X. cheopis, 35.0 per cent (105 rats) 
Table 5. Percentage of Hosts Infested. 
harbored field fleas, and 7.0 per cent (21 rats) 
evidenced multiple infestations. On the other 
hand, only 4.5 per cent (74 rats) of 1636 field 
rodents captured in peridomestic and sylvatic 
environs were infested with X. cheopis, 45.0 
per cent (737 rats) harbored field fleas, and 
only 1.7 per cent (28 rats) evidenced multiple 
infestations (Table 5). 
Houses Field Difference 
Mammalian Type of No. No. Infest. No. No. Infest. Between 
Host l nfestation Exam. Infest. Rate(%). Exam. Infest. Rate(%). Habitats (%I 
R. r. diardii Domestic 2468 1571 63.3 26 13 50.0 21.0 
Fleas 
Field Fleas 2468 250 10.1 26 3 11.5 12.0 
Multiple 2468 175 07.1 26 1 03.8 46.5 
Infestation 
Field Mammals Domestic 
Fleas 
Field Fleas 299 105 35.0 1636 737 45.0 22.0 
Multiple 299 21 07.0 1636 28 01.7 75.7 
Infestation 2468 250 10.1 26 3 11.5 12.0 
- 
Thus, the observed infestation rates for the 
different types of fleas (domestic versus field) on 
domestic rats are quite distinctive, and these 
differential infestation rates remain of the same 
general magnitude, irrespective of whether the 
domestic rats were captured in houses or in 
fields. In contrast, the respective infestation 
rates for domestic fleas and field fleas on field 
rodents display considerable variation, both in 
relation,.to the different types of fleas and in 
relatiofi to different environs inhabited by the 
rodents (Table 5). 
Fleas Indices. 
Both the Crude Index (total fleas, divided 
by total hosts examined) and the Specific Index 
(total fleas, divided by total infested hosts) 
should be computed for each flea species 
infesting different host species. Crude indices 
most often are used during flea and rodent 
surveillance programs, whereas specific indices 
provide more detailed information concerning 
the biological interaction between the respective 
fleas and .their hosts. Flea indices often are 
influenced 'by the method of trapping the 
mammalian hosts. In the current study, live- 
traps were checked early each morning. How 
ever, Dr. Robert Traub (personal communicati- 
on) has indicated that even live-traps should 
be checked every two hours because many 
fleas will desert an excited host shqrtly after 
it .enters a trap, resulting in a lower index. 
Thus, our data probably should be considered 
as representing the minimal indices. Even so, 
comparisons between sites, seasons and years 
should be valid because the traps were checked 
in a uniform manner throughout the study. 
Considering only those hosts that inhabit 
,both houses and fields, R. r. diardii averaged 
.3:24 fleas per rat (4.86 fleas per infested rat), 
R. exulans averaged 1.13 fleas per rat (2.34 
fleas per infested rat), R. tiomanicus averaged 
2.96 fleas per rat (4.44 fleas per infested rat) 
and R. niviventer averaged 0.99 fleas per rat 
(1.94 fleas per infested rat) (Table 6). 
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Table 6. Flea Indices in Relation to Those Hosts That Inhabit Beth Houses and Fields. 
Number Number Number Fleas Fleas per 
Mammalian of Hosts , of Hosts of Per Infested 
Hosts Examined Infested Fleas Host Host 
R. r. diardii 2494 1661 8073 3.24 4.86 
R. exulans 171 6 824 1932 1.13 2.34 
R. tiomanicus . 96 64 284 2.96 4.44 
R. niviventer 123 63 122 0.99 ' 1.94 
Totals or Ave. 4429 2612 1041 1 2.35 3.99 
With regard to the general habitat, rodents rodents captured, in peridomestic and ~ylvatic 
ptured in houses averaged 3.08 fleas per rat environs averaged 1.12 fleas per rat (1.36 fleas 
.70 fleas per i.nfested rat), whereas those per infested rat) (Table 7). 
Table 7. Flea lndices in Relation to  the General Habitat. 
Number Number Number Fleas Fleas per 
General of Hosts of Hosts of per Infested 
Habitat Examined l nfested Fleas Host Host 
Houses 2790 1829 8603 3.08 4.70 
Fields 1680 800 1887 1.12 2.36 
Total or Ave. 4470 2629 10490 2.35 3.99 
Regarding the type of infestation, rodents (2.46 fleas per infested rat) and rodents with 
th only domestic fleas averaged 1.48 fleas per multiple infestations of both domestic and 
t (4.30 fleas per infested rat), rodents with field fleas averaged 0.39 fleas per rat (7.79 
ly field fleas averaged 0.48 fleas per .rat fleas per infested rat) (Table 8). 
Table 8. Flea lndices in Relation to the Type of Intestation. 
Number Number Number Fleas Fleas per 
Type of  of Hosts of Hosts of  per Infested 
Infestation Examined Infested Fleas Hosts Hosts 
Domestic Fleas Only 4470 1534 6598 1.48 4.30 
Field Fleas Only 4470 870 2139 0.48 2.46 
Multiple Infestation 4470 225 1753 0.39 7.79 
Thus. it is atmarent that both R. tiomanicus harboring only field fleas. 
d ~ .  Ldiardiiiarbor more fleas per individual Multiple 
an other rodent species in the Boyolali 
ague zone, that houses afford a mQre flea-rich Approximately 87 per cent (196 rats) of the 
vironment than fields, and that rodents 22.5 rodents evidencing multiple infestations 
zich harbor domestic fleas or have multiple were captured in human domiciles (Fig. VII 
festations incur a greater flea-load than those and Table 9). 
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Table 9. Multiple Infestations (Co-mingling) by Habitat. 
Multiple 
'.General Number Number Infestation Co-mingling 
Habitat Examined Infested Number Percent Index 
Houses 2790 1829 196 87.1 10.7 
Fields 1680 800 29 12.9 03.6 
Totals or ave.4470 2629 225 100.0 08.6 
The Co-mingling Index (total hosts with parative amount of co-mingling on airrere 
multiple infestations, divided by total infested species of hosts seems to be related directly 
costs) also averaged greater in houses (10.7 the relative abundance of these respective ho 
per cent, or 196 of 1829 rats) than in fields in the houses (Fig. XI and Table 10). F 
(3.6 per cent, or 29 of 800 rats). The corn- 
, 
MULTIPLE INFESTATION 
R.  tiomanicus (3.1%) 
DOMESTIC HABITAT 
175 INSTANCES of CO-MINGLING 
FIELD HABITAT 
21 INSTANCES of CO-MINGLING 
Fig. XI. Habitat distribution of multiple-infested mammalian hosts: 
t R. tiomanicus (1 7.2%) 
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Table 10. Multiple lnfe'station (Co-mingling) in Relation to Host Prevalance in Houses. 
Mammalian Captured in Houses Total Co-mingling Co-mingling in Houses 
Hosts Number Percent Number Percent Number Percent 
R. r. diardii 2468 89.2 176 78.2 175 89.3 
R. exulans 258 09.3 33 14.7 15 07.6 
R. tiomanicus 35 01.3 11 04.9 6 03.1 
R. niviventer 6 00.2 5 02.2 0 00.0 
Totals 2767 100.0 225 100.0 196 100.0 
:xarnple, 78.2 per cent of the 225 observed 
nstances of codmingling occurred on 176 R. r. 
iiardii, 14.7 per cent on 33 R. exulans, 4.9 
)er cent on 1 1  R. tiomanicus, and only 2.2 per 
:ent on five R. niviventer. 
In considering only the host species that 
nhabit both houses and fields, 89.2 per cent 
:2468 rats) of the 2767 hosts captured in 
human domiciles were R. r. diardii, 9.3 per cent 
(258 rats) were R. exulans, 1.3 per cent (35 
iats) were R. tiomanicus, and only 0.2 per cent 
(six rats) were R. niviventer. It also is evident 
that those hosts with multiple infestations in 
houses average greater specific flea indices than 
th.ose with multiple infestations in fields (Table 
11). 
Table 11. Multiple Infestation tCo-mingling) in Relation to Specific Flea Indices. 
l'r~cidence of Number of Co-mingling Fleas Number of 
Multiple Houses Fields Fleas per 
Mammalian Infestations Domestic Field Domestic Field Infested Host 
Hosts Houses Fields Fleas . Fleas Fleas Fleas Houses Fields 
R. r. diadii  175 1 862 646 2 2 
R. exulans 15 18 36 35 27 39 
R. tiomanicus 6 5 15 36 18 19 
R. niviventer 0 5 0 0 5 11 
rota1 or Ave. 196 29 913 717 52 71 8.32 4.24 
For example, multiple-infested R. r. diardii 
eraged 8.62 fleas per infested rat in houses 
d 4.00 per infested rat in fields, multiple- 
rested R. exulans averaged 4.73 fleas per 
bsted rat in houses and 3.67 per infested rat a fields, multiple-infested R. tiomanicus ave- .. 
ged 8.50 fleas per infested rat in houses 
compared to 7.40 per infested rat in fields, 
td no multiple-infested R. niviventer were 
 countered in houses, but this species averaged 
20 fleas per infested rat in peridomestic and 
lvatic environs. 
AMPLING OF FLEAS IN HOST BURROW 
YSTEMS. 
Although rates of infestation and relative 
dices of fleas removed from hosts are the 
major epidemiological methods of monitoring 
flea population densities, these techniques 
wholly underestimate the actual number of 
fleas inhabiting an area. For example, three 
adult R. exulans that were trapped at the 
entrances to two burrow systems in Gebyok 
were infested with two X. cheopis and eight 
S. cognatus. Upon excavation of the burrows, 
26 adult X. cheopis, 53 adult S. cognatus and 
140 unidentified flea larvae were removed from 
four nests found therein. Thus, systematic 
examination of the burrow systems in an area 
would provide a better comprehension of actual 
flea abundance, and computation of an Abso- 
lute Index (fleas on hosts, plus host-burrow 
fleas, plus house fleas, divided by total rodents 
captured) is desirable. 
ECOLOGY OF 
TRAPPING 0 1 .  "FREE-FLEAS" IN HOUSES. 
In addition to examination of hosts and 
excavation of burrows, fleas also were obtained 
with flea-traps  laced in 238 human domiciles 
of 23 selected subvillages in effort t o  evaluate 
this sampling method as a surveillance tech- 
nique. Approximately 3876 flea-trapnights re- 
sulted in the capture of 80 X. cheopis, one 
S. cognatus and 264 C. felis in 32.8 per cent of 
the houses sampled, with 57.6 per cent (152 
fleas) of the C. felisbeing from only one house. 
Comparison of the number of fleas captured 
per flea-trapnight (.089 for total fleas, or .021 
for rodent fleas) with the crude flea index 
(3.20 fleas per rat) obtained from 560 rats 
captured in these same subvillages during the 
same period, seems to  indicate that flea-trapping 
in houses is a poor census technique for flea 
surveillance in Central Java. 
DISCUSSION AND CONCLUSIONS 
From the data presented in this study, and 
in the study on Host Ecology (Turner et al, 
1974), it is apparent that domestic species of 
rodents and fleas rarely frequent (or fail t o  
survive in) peridomestic and sylvatic (wild) 
environs, whereas sylvatic and peridomestic 
species often are encountered in domestic 
habitats, thereby creating a greater probability 
of contact and exchange between these elements 
of the plague infectious cycle in human habi- 
tations, as compared to  field habitats. It has 
been pointed out that in past epidemics, the 
first cases of human plague usually are contacted 
by persons who are "wood-gatherers" or "grass- 
cutters," . and who therefore contact plague 
on mountainside sylvatic environs while per- 
forming these duties. However, these duties 
also are performed at one time or another by 
almost every person living in the plague zone 
and an independent profession of "wood- 
gathering" and "grass-cutting" as such is non- 
existant in the area. Hence, the vast majority 
of the human population that does not contact 
plague also performs these same functions in the 
same sylvatic habitats. In addition, field rodents 
are nocturnal in behavior, and fleas, being 
extremely sensitive to high temperature and 
intense radiation, probably spend daylight hc 
urs deep in rodent burrows or other secreti' 
retreats that have a more favorable micrc 
climate. Thus, chances of rodent and fle 
contact with man in these sylvatic environ 
during daytime presumably would be somc 
what reduced by these behavioral pattern 
It is much more probable that humancontac 
with these elements of the plague infectiou 
cycle in Central Java occurs in houses, c 
perhaps to a lesser extent, in peridomesti 
habitats. 
It must be remembered that it is not th 
total or relative number of fleas present, nor 
it the number of infected fleas, but rather t' 
number of infective fleas that is the critic 
factor in plague transmission. Unfortunate1 
flea indices and infestation rates do not provi 
any information concerning the number 
infective fleas present in ..'in area. Howevi 
these surveillance techniques do provide data 
relative flea densities in different localities a1 
thereby provide an indirect evaluation of t 
potentiality for further progression of p lag~ 
once contact is made with actual infectio 
components. 
Most studies of vectors and reservoirs 
plague in Indonesia are initiated during el 
demics. Thus, sampling is concentrated 
human habitations and thereby implicates 
cheopis and R. r. diardii as the major cu 
prits in the plague transmission cycle. Howev~ 
as with man, these two species probably L 
accidental endpoints in the epizootic progressil 
of the disease, which more naturally circulal 
among wild rodents and their fleas in enden 
sylvatic habitats. Even though in Central Jay 
flea densities remain at fairly high levels 
human domiciles, domestic rats maintain cor 
paratively higher flea-loads than most wi 
rodents, .and domestic fleas (X. cheopis) 2 
relatively efficient vectors of plague, the dom 
tic components of the plague cycle in t 
Boyolali focus presumably are dependent 
prior maintenance of enzootics in sylvat 
habitats during inter-epidemic periods, on pr: 
initiation of an epizootic, on subsequent spre 
of the infection through fields, and on SI 
sequent interchange with infective svlvatic aj 
I 
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peridomestic elements, before being capable (Fig. XII). 
of passing the plague pathogen on to  man 
PLAGUE TRANSMISSION CYCLE IN THE 
BOYOLALI FOCUS, CENTRAL JAVA, INDONESIA 
ENZOOTIC 
MAINTENANCE CYCLE 
syLvAT1c I T HABITAT 
FIELD 
EPlZOOTlC CYCLE 
DOMESTIC 
EPlZOOTlC CYCLE 
+ I 
INITIATION OF AN EPIDEMIC 
V l  LLAGE HOUSES 
Fig. XII. The series of events that generally precedes the spread of infection to 
human habitations in the Boyolali plague zone. Note that the probability of 
transmission from the fields t o  the houses is greater than from, the houses to  
the fields. 
FCOLOGY 
Based on rodent movement and flea distri- 
butional data, on known infection of field 
rodents and field fleas in sylvatic and peridomes- 
tic habitats, and on the observed patterns of 
interhouse and intervillage spread of infection, 
it is probable that S. cognatus, rather than 
X. cheopis, is the primary maintaining vector 
of plague in sylvatic and peridomestic environs, 
with N. sondaica possibly serving as a secondary 
maintaining vector in the Boyolali plague focus. 
It also is apparent that, based on the proven 
extreme susceptibility of R. r. diardii to the 
pathogen, and known resistance of R. exulans, 
it is the latter species rather than the former 
that is the primary plague reservoir in Central 
Java. Based on its ecological distribution, R. 
tiomanicus possibly may serve as a secondary 
reservoir in the Boyolali plague focus. Unfor- 
tunately, most experimental studies undertaken 
in laboratories have concentrated on X. cheopis 
and little is known concerning the vectorial 
capacity of S. cogtzarus and N. sondaica. 
As previously mentioned (Fig. III), plague 
morbidity and mortality in human populations 
during epidemic years tend to increase during 
the latter half of the dry easterly monsoon 
(third quarter of the year). Thus, continued 
monitoring of seasonal meteorological conditi- 
ons is essential to understanding the epidemio- 
logy of plague. Several authors have stated that 
plague cannot exist in epidemic proportions 
when mean daily temperatures exceed 27°C 
(80°F), due to decreased transmission potential 
of the flea vectors. Pollitzer (1954) indicated 
that the rate of disappearence or "clearing" of 
plague bacteria from the gut of infected fleas 
increases rapidly at high ambient temperatures, 
mainly due to  increased phagocytic activity of 
ingested white blood corpuscles of the host. 
Webster and Chitre (1930) noted that the 
"blocking mechanism" (a mass of plague bac- 
teria obstructing the foregut of infective fleas) 
occurs within a rather limited range of tem- 
perature and humidity. Cavanaugh (1 97 1) illus- 
trated that the "blocking mechanism" fails at 
ambient daily temperatures above 27.1 "C, due 
to breakdown of the fibrin matrix essential in 
forming the block. Occurrence of infected 
fleas on non-infected rodents in fields and 
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houses during the first half of the dry season 
well may be an artifact of the above-mentioned 
phenomena. Comparison of monthly tempera- 
ture and precipitation records for Central Java 
since I910 (data provided by the Geophysical 
and Meteorological Services in Jakarta) with 
recorded cases of plague may offer additional 
insight into this matter. Unfortunately, a break- 
down of case distribution by regency does not 
now seem to  be available, and a more crude 
analysis for Central Java as a whole may have 
to be attempted. 
Finally, in considering the persistence of 
plague in upland and mountainous zones in 
Java, the following comments seem appropriate. 
At elevations above 1000 meters (in the Boyo- 
lali plague zone), the field flea fauna is more 
diverse than at lower elevations, where both 
the suspected primary maintaining vector (S.  
cognatus) and the potential secondary main-~ 
taining vector (N. sondaica) either are rare or 
absent. In addition, the primary plague reservoir 1 
I (R. exulans) and potential secondary reservoir 1 
(R. tiomanicus) both are more abundant on the 
mountainous slopes than il; the bordering 
lowlands. Hence, the potential components of1 
the natural plague infectious cycle (wild ro -~  
dents and field fleas) in Central Java exist  in^ 
combinations that are more conducive to the1 
spread of plague (once an epizootic is initia- 
ted) in the mountainous uplands, as compared 
to the surrounding plains. 
Also, prevailing climatic and environmental 
conditions are more equitable during the hot 
dry season in lowlands than in uplands. Cloud 
formation in mountainous zones i s  nearly 
nonexistent during the dry easterly monsoon, 
resulting in high temperature, low relative 
humidities and intense solar radiation. In 1972, 
no precipitation occured in the research area 
from midJuly through late October. If the 
findings of Webster and Chitre (1930), Cava- 
naugh (1971), and others, are applicable to 
S. cognatus andpN. sondaica under field con- 
ditions, then these adverse climatic conditions 
may result in a decreased transmission potential 
for these vectors during part of the dry season, 
and may p.artially account for the observed 
seasonality of plague in Boyolali Regency. 
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In the mountainous zone of the Boyolali oecause seasonal variation in climatic, agricul- 
plague focus, most of the dryland crops are tural, and environmental conditions favor in- 
harvested during the easterly monsoon, generally creased contact rates between field and do- 
reducing ground cover to less than ten per cent mestic components of the cycle in these 
in the croplands and leaving very little food 
and shelter available for small mammals in 
these areas. There is some evidence that rodents ACKNOWLEDGEMENTS 
inhabiting cropland during the rainy season 
shift their respective distributions to human 
habitations and to more densely vegetated 
bamboo thickets and acacia woodland during 
part of the dry season. Also, some spill-over of 
field rodents into houses occurs during periods 
of high -population density. These shifts in 
habitat by field species are of epidemiological 
importance in the spread of plague to houses, 
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to these movements. In the present study, the 
primary maintaining reservoir (R. exulans) has 
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In summary, although plague does make 
brief incursions into lowlands during intense 
widespread epizootics and resultant epidemics, 
and may involve additional mammalian species 
such as the Ricefield Rat (Rattus argentiventer) 
and House Shrew (Suncus murinus) at these 
times, this zoonosis more normally persists in 
hilly and mountainous zones because optimal 
combinations of the elements of the plague 
transmission cycle exist is such areas, and 
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Thanks also are due to Dr. Soetrisno Eram 
and Dr. Mohamad Atas of the Yogyakarta 
Public Health Laboratory for serological and 
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of fleas bu U.S. Naval Medical Research Unit 
No.2 and Dr. Robert Traub is much appreciated. 
Of course, the day by day operations of the 
project would have been impossible without 
the dedication and tireless efforts of the labora- 
tory and field staffs of the Boyolali Plague 
Laboratory. 
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